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(57) ABSTRACT

A semiconductor package comprises a lower package com-
prising a lower substrate, a lower semiconductor chip on the
lower substrate, a lower graphene layer on the lower semi-
conductor chip, and a lower molding layer between the lower
substrate and the lower graphene layer. An upper package is
on the lower substrate, the upper package spaced apart from
the lower package, the upper package comprising an upper
substrate, an upper semiconductor chip, and an upper mold-
ing layer. Lower conductive bumps are positioned between
the lower substrate and the upper substrate, the lower bumps
comprising a ground bump and a signal transmitting bump.

20 Claims, 11 Drawing Sheets
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SEMICONDUCTOR PACKAGES INCLUDING
GRAPHENE LAYERS

CROSS-REFERENCE TO RELATED
APPLICATION

This U.S. non-provisional patent application claims prior-
ity under 35 U.S.C. §119 to Korean Patent Application No.
10-2013-0064785, filed on Jun. 5, 2013, in the Korean Intel-
lectual Property Office, the disclosure of which is hereby
incorporated by reference in its entirety.

BACKGROUND

The inventive concepts relate to semiconductor devices
and, more particularly, to semiconductor device packages
including a graphene layer.

There is continued development in the electronics industry
toward light, small, high-speed and high-performance elec-
tronic devices. In some instances, there has been an effort to
integrate a plurality of semiconductor chips or semiconductor
packages into the same semiconductor package. Research
continues toward an improvement in reliability and reduced
size in semiconductor packages.

SUMMARY

Embodiments of the inventive concepts provide reliable
semiconductor packages capable of improving heat exhaust,
or heat removal, of a semiconductor chip, and methods of
formation thereof.

Embodiments of the inventive concepts also provide semi-
conductor packages with improved electrical characteristics
suitable for reducing electromagnetic interference (EMI) of a
semiconductor chip, and methods of formation thereof.

In one aspect, a semiconductor package comprises: a lower
package comprising a lower substrate, a lower semiconductor
chip on the lower substrate, a lower graphene layer on the
lower semiconductor chip, and a lower molding layer
between the lower substrate and the lower graphene layer; an
upper package on the lower substrate, the upper package
spaced apart from the lower package, the upper package
comprising an upper substrate, an upper semiconductor chip,
and an upper molding layer; and lower conductive bumps
between the lower substrate and the upper substrate, the lower
bumps comprising a ground bump and a signal transmitting
bump.

In some embodiments, the semiconductor package further
comprises a first opening and a second opening in the lower
molding layer and the lower graphene layer; wherein the first
opening exposes an upper portion of the ground bump; and
wherein the second opening exposes an upper portion of the
signal transmitting bump.

In some embodiments, the semiconductor package further
comprises a connection member in the first opening, the
connection member electrically connecting the ground bump
to the lower graphene layer.

In some embodiments, the semiconductor package further
comprises an upper graphene layer on the upper semiconduc-
tor chip.

In some embodiments, the upper graphene layer is electri-
cally connected to the ground bump and is electrically sepa-
rated from the signal transmitting bump.

In some embodiments, the upper package further com-
prises upper conductive bumps surrounding the upper semi-
conductor chip on the upper substrate, wherein the upper
bumps are in contact with the upper graphene layer.
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In some embodiments, the upper graphene layer is electri-
cally connected to the lower graphene layer.

In some embodiments, the upper molding layer includes a
bottom surface facing the upper substrate, a top surface oppo-
site the bottom surface, and a sidewall between the top surface
and the bottom surface; wherein the upper package further
comprises an upper side graphene layer at the sidewall of the
upper molding layer.

In some embodiments, the lower package further com-
prises a lower coating layer on the lower graphene layer.

In some embodiments, the lower package further com-
prises: a lower side graphene layer and a lower side coating
layer on the lower side graphene layer; wherein the lower
molding layer includes a top surface, a bottom surface oppo-
site the top surface, and a sidewall between an edge of the top
surface and an edge of the bottom surface; and wherein the
lower side graphene layer is on the sidewall of the lower
molding layer.

In some embodiments, the semiconductor package further
comprises an air gap between the lower graphene layer and
the upper substrate.

In some embodiments, the graphene layer is in direct con-
tact with the lower semiconductor chip.

In another aspect, a semiconductor package comprises: a
substrate; a semiconductor chip on the substrate; conductive
bumps laterally surrounding the semiconductor chip on the
substrate; a graphene layer on the semiconductor chip; and a
molding layer between the substrate and the graphene layer,
wherein the graphene layer is electrically connected to the
bumps.

In some embodiments, the semiconductor package further
comprises a coating layer covering the graphene layer.

In some embodiments, the semiconductor package further
comprises a side graphene layer covering a sidewall of the
molding layer.

In another aspect, a semiconductor package comprises: a
substrate; a semiconductor chip on the substrate and electri-
cally connected to the substrate; a molding layer on the sub-
strate and at a side of the semiconductor chip; a graphene
layer directly on the semiconductor chip and on the molding
layer opposite the substrate; and conductive bumps on the
substrate and through the molding layer, the conductive
bumps in contact with the substrate and the graphene layer to
electrically connect the substrate and the graphene layer, the
molding layer positioned between the conductive bumps and
the semiconductor chip.

In some embodiments, the graphene layer is further at
sidewalls of the molding layer.

In some embodiments, the conductive bumps comprise
ground signal bumps.

In some embodiments, the semiconductor package further
comprises conductive signal bumps on the substrate and
through the molding layer, the conductive bumps in contact
with the substrate and isolated from the graphene layer.

In some embodiments, the semiconductor package further
comprises a coating layer on the graphene layer.

BRIEF DESCRIPTION OF THE DRAWINGS

The inventive concepts will become more apparent in view
of'the attached drawings and accompanying detailed descrip-
tion, in which:

FIG. 1 is a cross-sectional view illustrating a semiconduc-
tor device according to some embodiments of the inventive
concepts;
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FIG. 2 is a cross-sectional view illustrating a semiconduc-
tor device according to other embodiments of the inventive
concepts;

FIG. 3 is a plan view illustrating a semiconductor package
according to some embodiments of the inventive concepts;

FIG. 4 is a cross-sectional view taken along a line A-B of
FIG. 3;

FIG. 5 is a plan view illustrating a semiconductor package
according to other embodiments of the inventive concepts;

FIG. 6 is a cross-sectional view taken along a line A-B of
FIG. 5;

FIG. 7 is a plan view illustrating a semiconductor package
according to other embodiments of the inventive concepts;

FIG. 8 is a cross-sectional view taken along a line A-B of
FIG. 7,

FIG. 9 is a plan view illustrating a semiconductor package
according to other embodiments of the inventive concepts;

FIG. 10 is a cross-sectional view taken along a line A-B of
FIG. 9;

FIGS. 11 and 12 are cross-sectional views illustrating a
method of manufacturing a semiconductor package accord-
ing to embodiments of the inventive concepts;

FIG. 13 is a schematic block diagram illustrating an
example of electronic systems including semiconductor
packages according to embodiments of the inventive con-
cepts; and

FIG. 14 is a schematic block diagram illustrating an
example of memory systems including semiconductor pack-
ages according to embodiments of the inventive concepts.

DETAILED DESCRIPTION OF EMBODIMENTS

The inventive concepts will now be described more fully
hereinafter with reference to the accompanying drawings, in
which exemplary embodiments of the inventive concepts are
shown. The advantages and features of the inventive concepts
and methods of achieving them will be apparent from the
following exemplary embodiments that will be described in
more detail with reference to the accompanying drawings. It
should be noted, however, that the inventive concepts are not
limited to the following exemplary embodiments, and may be
implemented in various forms. Accordingly, the exemplary
embodiments are provided only to disclose the inventive con-
cepts and to present such concepts to those skilled in the art.
In the drawings, embodiments of the inventive concepts are
not limited to the specific examples provided herein and are
exaggerated for clarity.

The terminology used herein is for the purpose of describ-
ing particular embodiments only and is not intended to limit
the invention. As used herein, the singular terms “a,” “an” and
“the” are intended to include the plural forms as well, unless
the context clearly indicates otherwise. As used herein, the
term “and/or” includes any and all combinations of one or
more of the associated listed items. It will be understood that
when an element is referred to as being “connected” or
“coupled” to another element, it may be directly connected or
coupled to the other element or intervening elements may be
present.

Similarly, it will be understood that when an element such
as a layer, region or substrate is referred to as being “on”
another element, it can be directly on the other element or
intervening elements may be present. In contrast, the term
“directly” means that there are no intervening elements. It
will be further understood that the terms “comprises”, “com-
prising,”, “includes” and/or “including”, when used herein,
specify the presence of stated features, integers, steps, opera-
tions, elements, and/or components, but do not preclude the
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presence or addition of one or more other features, integers,
steps, operations, elements, components, and/or groups
thereof.

Additionally, the embodiment in the detailed description
will be described with sectional views as ideal exemplary
views of the inventive concepts. Accordingly, shapes of the
exemplary views may be modified according to manufactur-
ing techniques and/or allowable errors. Therefore, the
embodiments of the inventive concepts are not limited to the
specific shape illustrated in the exemplary views, but may
include other shapes that may be created according to manu-
facturing processes. Areas exemplified in the drawings have
general properties, and are used to illustrate specific shapes of
elements. Thus, this should not be construed as limited to the
scope of the inventive concepts.

It will be also understood that although the terms first,
second, third etc. may be used herein to describe various
elements, these elements should not be limited by these
terms. These terms are only used to distinguish one element
from another element. Thus, a first element in some embodi-
ments could be termed a second element in other embodi-
ments without departing from the teachings of the present
invention. Exemplary embodiments of aspects of the present
inventive concepts explained and illustrated herein include
their complementary counterparts. The same reference
numerals or the same reference designators denote the same
elements throughout the specification.

Moreover, exemplary embodiments are described herein
with reference to cross-sectional illustrations and/or plane
illustrations that are idealized exemplary illustrations.
Accordingly, variations from the shapes of the illustrations as
a result, for example, of manufacturing techniques and/or
tolerances, are to be expected. Thus, exemplary embodiments
should not be construed as limited to the shapes of regions
illustrated herein but are to include deviations in shapes that
result, for example, from manufacturing. For example, an
etching region illustrated as a rectangle will, typically, have
rounded or curved features. Thus, the regions illustrated in the
figures are schematic in nature and their shapes are not
intended to illustrate the actual shape of a region of a device
and are not intended to limit the scope of example embodi-
ments.

Hereinafter, semiconductor devices according to the inven-
tive concepts will be described.

FIG. 1 is a cross-sectional view illustrating a semiconduc-
tor device 10 according to some embodiments of the inventive
concepts.

Referring to FIG. 1, the semiconductor device 10 may
include a substrate 110, a semiconductor chip 120, bumps
130, a molding layer 140, a graphene layer 150, and a coating
layer 155. In some embodiments, the semiconductor device
10 may be a semiconductor package.

In some embodiments, the substrate 110 may comprise a
printed circuit board (PCB) having a circuit pattern. Connec-
tion terminals 111 may be disposed on a bottom surface ofthe
substrate 110. The connection terminals 111 may include a
conductive material. In some embodiments, the connection
terminals 111 may have solder ball-shapes. In some embodi-
ments, the connection terminals 111 may electrically connect
the semiconductor chip 120 to an external device.

The semiconductor chip 120 may be mounted on the sub-
strate 110, for example, using a flip chip bonding technique.
In some embodiments, the semiconductor chip 120 may be
disposed on a core of the substrate 110. The semiconductor
chip 120 may have a top surface 120a, a bottom surface 1205
opposite the top surface 120q, and a sidewall surface 120c¢
connected between an edge of the top surface 120a and an
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edge of the bottom surface 1205. The top surface 120a may be
in contact with the graphene layer 150. Interconnecting ter-
minals 115 may be disposed between the substrate 110 and
the semiconductor chip 120 to electrically connect the semi-
conductor chip 120 to the substrate 110. In some embodi-
ments, the interconnecting terminals 115 may include a con-
ductive material and may have solder ball-shapes or bump-
shapes. In other embodiments, the semiconductor chip 120
may be connected to the substrate 110 through bonding wires.
The semiconductor chip 120 may comprise an integrated
circuit. For example, the semiconductor chip 120 may com-
prise a memory circuit, a logic circuit, or any combination
thereof.

Bumps 130 may be disposed on the substrate 110 to later-
ally surround the semiconductor chip 120. The bumps 130
may operate to connect the graphene layer 150 to the substrate
110. In some embodiments, the bumps 130 may include a
conductive material (e.g., a metal). In other embodiments, the
bumps 130 may be omitted.

The molding layer 140 may be provided between the sub-
strate 110 and the graphene layer 150 to fill a space between
the bumps 130 and a space between the interconnecting ter-
minals 115. The molding layer 140 may seal the sidewall
120c¢ of the semiconductor chip 120. The molding layer 140
may include a top surface 140aq, a bottom surface 1405 oppo-
site the top surface 140q, and a sidewall 140c¢ connected
between an edge of the top surface 140a and an edge of the
bottom surface 1405. The top surface 140a of the molding
layer 140 may have the same level as the top surface 120a of
the semiconductor chip 120 to expose the top surface 120a of
the semiconductor chip 120. In other embodiments, the mold-
ing layer 140 may extend between the semiconductor chip
120 and the graphene layer 150 to cover the top surface 120a
of the semiconductor chip 120.

In some embodiments, the graphene layer 150 may cover
the top surface 120a of the semiconductor chip 120 and the
top surface 140a of the molding layer 140. The graphene layer
150 may be in contact with the bumps 130. Formation of the
graphene layer 150 may include the preparation of a support-
ing film (not shown) on which the graphene layer 150 is
formed, and transfer of the graphene layer 150 onto the semi-
conductor chip 120. In some embodiments, a formation pro-
cess of the molding layer 140 may include a transfer process
of'the graphene layer 150, so that the graphene layer 150 may
be readily formed on the semiconductor chip 120. For
example, the graphene layer 150 and the supporting film (not
shown) may be disposed on the semiconductor chip 120, with
the graphene layer 150 facing the semiconductor chip 120. A
space between the substrate 110 and the graphene layer 150
may be filled with an insulating polymer material such as an
epoxy molding compound, thereby forming the molding
layer 140 between the substrate 110 and the graphene layer
150. In some embodiments, the graphene layer 150 may be
transferred onto the top surface 120a of the semiconductor
chip 120 and/or the top surface 140a of the molding layer 140.
Alternatively, in other embodiments, after the molding layer
140 is formed, the graphene layer 150 may be disposed and
transferred onto the top surface 120a of the semiconductor
chip 120 and/or the top surface 140a of the molding layer 140.

In some embodiments, the heat conductivity of the
graphene layer 150 may be higher than a heat conductivity of
the molding layer 140. Heat generated from the semiconduc-
tor chip 120 may be exhausted through the graphene layer 150
to regions external to the semiconductor device. In this man-
ner, reliability of the semiconductor chip 120 may be
improved. In some embodiments, graphene comprises a sheet
or lattice of one of more layers of carbon atoms. In some
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embodiments, the thickness of the graphene layer 150 may be
in the range of about 5 nm to about 10 um. As a result, the
semiconductor device 10 including the thin graphene layer
150 may have an overall thickness that is less than a conven-
tional semiconductor device including a heat transmitting
layer (e.g., 100 um) and a heat slug (e.g., 300 pm). Addition-
ally, semiconductor devices 10 in accordance with the present
inventive concepts may readily exhaust heat generated from
the semiconductor chip 120 through the graphene layer 150.

In some embodiments, the graphene layer 150 may have an
electrical conductivity. As such, the graphene layer 150 may
operate to further absorb an electric field and/or a magnetic
field generated within the semiconductor device 10 in order to
shield electromagnetic interference (EMI). The graphene
layer 150 may be connected to the bumps 130 such that the
EMI shielding effect of the graphene layer 150 may be further
increased.

In some embodiments, the coating layer 155 may be posi-
tioned to cover the graphene layer 150, so that the graphene
layer 150 may be stably adhered to the semiconductor chip
120 and/or the molding layer 140. In some embodiments, the
coating layer 155 may include at least one of polyimide (PI),
polyethylene terephthalate (PET), polyether ether ketone
(PEEK), and an epoxy-based polymer. In this case, the coat-
ing layer 155 may comprise a supporting film used in the
process of forming the graphene layer 150. For example, after
the graphene layer 150 is transferred, a removal process of the
supporting film may be omitted and the supporting film may
be used as the coating layer 155. In other embodiments, the
supporting film may be removed to expose the graphene layer
150. A curable polymer (e.g., a thermosetting polymer or a
photo-curable polymer such as an UV-curable polymer) may
be spray-coated on the graphene layer 150 to form the coating
layer 155. In still other embodiments, the coating layer 155
may be omitted.

FIG. 2 is a cross-sectional view illustrating a semiconduc-
tor device according to other embodiments of the inventive
concepts. Hereinafter, any descriptions already described in
connection with other embodiments will be omitted or men-
tioned briefly.

Referring to FIG. 2, a semiconductor device 20 may
include a substrate 110, a semiconductor chip 120, bumps
130, a molding layer 140, a graphene layer 150, and a coating
layer 155. The semiconductor device 20 may be a semicon-
ductor package. The substrate 110, the semiconductor chip
120, the bumps 130, the molding layer 140, the graphene
layer 150, and the coating layer 155 may be the same as/simi-
lar to those described with reference to FIG. 1.

A side graphene layer 151 may be positioned to cover the
sidewall 140c¢ of the molding layer 140. In other embodi-
ments, the side graphene layer 151 may extend along the
sidewall 140c¢ of the molding layer 140 to be further in contact
with the substrate 110. A formation process of the side
graphene layer 151 may be performed after the formation of
the molding layer 140. A side coating layer 156 may be
provided on the side graphene layer 151. In some embodi-
ments, the side coating layer 156 may comprise a supporting
film used in the formation process of the side graphene layer
151. In other embodiments, the side coating layer 156 may be
formed by spray-coating a curable polymer. In this case, the
coating layer 155 and the side coating layer 156 may be
formed at the same time. In a semiconductor device 20
according to the present embodiments, heat exhaustion for
the semiconductor chip 120 may be more improved and elec-
tromagnetic interference (EMI) may be further contained as a
result of the presence of the side graphene layer 151.
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FIG. 3 is a plan view illustrating a semiconductor package
according to some embodiments of the inventive concepts.
FIG. 4 is a cross-sectional view taken along aline A-B of FIG.
3. Hereinafter, any descriptions already described in connec-
tion with other embodiments will be omitted or mentioned
briefly.

Referring to FIGS. 3 and 4, a semiconductor package 1
may be configured as a package-on-package (PoP) device
including a lower package 200 and an upper package 300. An
air gap 260 may be provided between the lower package 200
and the upper package 300.

The lower package 200 may include a lower substrate 210,
a lower semiconductor chip 220, lower bumps 230, a lower
molding layer 240, a lower graphene layer 250, and a lower
coating layer 255. The lower substrate 210 may comprise a
printed circuit board (PCB) having a circuit pattern. Connec-
tion terminals 211 may be disposed on a bottom surface of the
lower substrate 210. The connection terminals 211 may elec-
trically connect the lower semiconductor chip 220 and/or an
upper semiconductor chip 320 to an external device.

The lower semiconductor chip 220 may be mounted on a
surface of the lower substrate 210 in a face down orientation.
Interconnecting terminals 215 may be disposed between the
lower substrate 210 and the lower semiconductor chip 220 to
electrically connect the lower semiconductor chip 220 to the
lower substrate 210. The interconnecting terminals 215 may
include a conductive material. In some embodiments, the
interconnecting terminals 215 may have solder ball-shapes or
bump-shapes. A top surface 220a of the lower semiconductor
chip 220 may comprise a non-active surface, and a bottom
surface 2206 of the lower semiconductor chip 220 may com-
prise an active surface. In various embodiments, the lower
semiconductor chip 220 may include an integrated circuit
(e.g., a memory circuit, a logic circuit, or any combination
thereof).

Lower bumps 230 may be provided on the one surface of
the lower substrate 210 to laterally surround the lower semi-
conductor chip 220, for example surround with respect to a
plan view. The lower bumps 230 may operate to electrically
connect the upper package 300 to the lower substrate 210
and/or the lower semiconductor chip 220. In some embodi-
ments, a topmost surface 230a of the lower bump 230 may be
disposed at a level higher than the top surface 220a of the
lower semiconductor chip 220. In some embodiments, the
lower bumps 230 may include a conductive material (e.g., a
metal). The lower bumps 230 may include at least one ground
bump 231 and at least one signal transmitting bump 235. In
some embodiments, the ground bump 231 may be disposed at
outer corners or outer side regions of the lower substrate 210.

The lower molding layer 240 may be positioned between
the lower substrate 210 and the lower graphene layer 250. The
lower molding layer 240 may fill a space between the lower
bumps 230 and a space between the interconnecting terminals
215 on the lower substrate 210. The lower molding layer 240
may seal a sidewall 220c¢ of the lower semiconductor chip
220. The lower molding layer 240 may include a top surface
240a, a bottom surface 2405 opposite to the top surface 240a,
and a sidewall 240c¢ connected between an edge of the top
surface 240a and an edge of the bottom surface 2405. The top
surface 240a of the lower molding layer 240 may be posi-
tioned at substantially the same level as the top surface 220a
of the lower semiconductor chip 220, so that the top surface
220a of the lower semiconductor chip 220 may make direct
contact with the lower graphene layer 250. In other embodi-
ments, the lower molding layer 240 may extend between the
lower semiconductor chip 220 and the lower graphene layer
250, so as to cover the lower semiconductor chip 220.
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The lower graphene layer 250 may be provided on the
lower semiconductor chip 220 and the lower molding layer
240. In some embodiments, the lower graphene layer 250
may be in contact with the lower semiconductor chip 220. The
lower graphene layer 250 has properties that allow for the
transport of or exhaustion of heat generated from the lower
semiconductor chip 220 to the air gap 260. The lower coating
layer 255 may cover the lower graphene layer 250. The lower
coating layer 255 may, in some embodiments, be the same as
or similar to the coating layer 155 described with reference to
FIG. 1. In other embodiments, the lower package 200 may
further include a lower side graphene layer 251 provided on
the sidewall 240c¢ of the lower molding layer 240 and/or a
lower side coating layer 256 covering the lower side graphene
layer 251.

At least one first opening 261 and at least one second
opening 265 may be formed or positioned in the lower mold-
ing layer 240, the lower graphene layer 250 and the lower
coating layer 255. In some embodiments, the first opening
261 may expose an upper portion of the ground bump 231. In
some embodiments, the second opening 265 may expose an
upper portion of the signal transmitting bump 235. The lower
graphene layer 250 may be spaced apart from the ground
bump 231 and the signal transmitting bump 235. In this man-
ner, an electrical short between the ground bump 231 and the
signal transmitting bump 235 may be prevented.

The air gap 260 may be provided between the lower
graphene layer 250 and an upper substrate 310. The heat
generated from the lower semiconductor chip 220 may be
exhausted through the air gap 260 to regions external to
semiconductor package 1. In other embodiments, the air gap
260 may be omitted, and portions of the lower graphene layer
250 may be in direct contact with portions of the upper sub-
strate 310.

In some embodiments, the upper package 300 may include
the upper substrate 310, the upper semiconductor chip 320,
upper bumps 330, an upper molding layer 340, an upper
graphene layer 350, and an upper coating layer 355. The
upper substrate 310, the upper semiconductor chip 320, the
upper bumps 330, the upper molding layer 340, the upper
graphene layer 350, and the upper coating layer 355 may, in
some embodiments, be respectively the same as or similar to
the substrate 110, the semiconductor chip 120, the bumps
130, the molding layer 140, the graphene layer 150, and the
coating layer 155 that are described herein with reference to
FIG. 1. The upper package 300 may further include an upper
side graphene layer 351 provided on a sidewall of the upper
molding layer 340 and/or an upper side coating layer 356
covering the upper side graphene layer 351. In other embodi-
ments, the upper bumps 330 may be omitted. In still other
embodiments, one of the lower graphene layer 250 or the
upper graphene layer 350 may be omitted.

FIG. 5 is a plan view illustrating a semiconductor package
according to other embodiments of the inventive concepts.
FIG. 6 is a cross-sectional view taken along a line A-B of FIG.
5. Hereinafter, any descriptions already described in connec-
tion with other embodiments will be omitted or mentioned
briefly.

Referring to FIGS. 5 and 6, a semiconductor package 2
may be a package-on-package (PoP) device including a lower
package 200 and an upper package 300. An air gap 260 may
be provided between the lower package 200 and the upper
package 300.

The lower package 200 may include a lower substrate 210,
a lower semiconductor chip 220, lower bumps 230, a lower
molding layer 240, a lower graphene layer 250, and a lower
coating layer 255. The lower package 200 may further include
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a lower side graphene layer 251 and/or a lower side coating
layer 256. A first opening 261 and a second opening 265 may
be provided in the lower molding layer 250. The lower pack-
age 200 may be the same as or similar to that of FIGS. 3 and
4.

In the present embodiment, the upper package 300 may
include an upper substrate 310, an upper semiconductor chip
320, upper bumps 330, an upper molding layer 340, an upper
graphene layer 350, and an upper coating layer 355. The
upper package 300 may further include an upper side
graphene layer 351 and/or an upper side coating layer 356 that
are provided on a sidewall of the upper molding layer 340.
The upper package 300 may be the same as or similar to that
of FIGS. 3 and 4.

The upper graphene layer 350 may be electrically con-
nected to the ground bump 231 through the upper bumps 330.
In this case, the upper graphene layer 350 is not connected to
the signal transmitting bump 235. Since the upper graphene
layer 350 is electrically connected to the ground bump 231 in
the semiconductor package 1 according to the present
embodiment, electromagnetic interference (EMI) may be fur-
ther reduced. As the number of the ground bumps 231 elec-
trically connected to the upper graphene layer 350 is
increased, the electrical characteristics (e.g., reduction of the
EMI) of the semiconductor package 2 may be further
improved.

FIG. 7 is a plan view illustrating a semiconductor package
according to other embodiments of the inventive concepts.
FIG. 8 is a cross-sectional view taken along a line A-B of FIG.
7. Hereinafter, any descriptions already described in connec-
tion with other embodiments will be omitted or mentioned
briefly.

Referring to FIGS. 7 and 8, a semiconductor package 3
may include a lower package 200 and an upper package 300.
An air gap 260 may be provided between the lower package
200 and the upper package 300.

In this embodiment, the lower package 200 may include
the lower substrate 210, the lower semiconductor chip 220,
the lower bumps 230, the lower molding layer 240, the lower
graphene layer 250, and the lower coating layer 255. A con-
nection member 232 may be provided in the first opening 261
to electrically connect the lower graphene layer 250 to the
ground bump 231. The connection member 232 may include
a conductive material. In the semiconductor package 3 of the
present embodiment, the heat exhaust and the EMI of the
lower semiconductor chip 220 may be further improved as a
result of the presence of the connection member 232. As the
number of the ground bumps 231 connected to the lower
graphene layer 250 is increased, the EMI of the lower semi-
conductor chip 220 may be further reduced.

It should be noted that a connection member 232 is not
provided in the second opening 265. As a result, the lower
graphene layer 250 is physically and/or electrically separated
from the signal transmitting bump 235 to prevent shorting of
the signals on the signal transmitting bump 235. In other
embodiments, the lower package 200 may further include the
lower side graphene layer 251 and/or a lower side coating
layer 256.

The upper package 300 may include the upper substrate
310, the upper semiconductor chip 320, the upper bumps 330,
the upper molding layer 340, the upper graphene layer 350,
and the upper coating layer 355. The upper package 300 may
further include the upper side graphene layer 351 and/or the
upper side coating layer 356. In other embodiments, the upper
bumps 330 may be omitted. In still other embodiments, the
upper bumps 330 and the upper graphene layer 350 may be
omitted.
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FIG. 9 is a plan view illustrating a semiconductor package
according to other embodiments of the inventive concepts.
FIG. 10 is a cross-sectional view taken along a line A-B of
FIG. 9. Hereinafter, any descriptions already described in
connection with other embodiments will be omitted or men-
tioned briefly.

Referring to FIGS. 9 and 10, a semiconductor package 4
may include a lower package 200 and an upper package 300.
An air gap 260 may be provided between the lower package
200 and the upper package 300.

The lower package 200 may include the lower substrate
210, the lower semiconductor chip 220, the lower bumps 230,
the lower molding layer 240, the lower graphene layer 250,
and the lower coating layer 255. The connection member 232
may be provided in the first opening 261 to electrically con-
nect the lower graphene layer 250 to the ground bump 231.
The connection member 232 is not provided in the second
opening 265, such that the lower graphene layer 250 is physi-
cally and/or electrically separated from the signal transmit-
ting bump 235. In other embodiments, the lower package 200
may further include the lower side graphene layer 251 and/or
a lower side coating layer 256.

The upper package 300 may include the upper substrate
310, the upper semiconductor chip 320, the upper bumps 330,
the upper molding layer 340, the upper graphene layer 350,
and the upper coating layer 355. The upper package 300 may
further include the upper side graphene layer 351 and/or the
upper side coating layer 356. The upper graphene layer 350
may be electrically connected to the ground bump 231 and the
lower graphene layer 250 through the upper bump 330. Since
the upper graphene layer 350 is electrically connected to the
lower graphene layer 250 in the semiconductor package 4 of
the present embodiment, the electrical characteristics of the
semiconductor package 4 may be further improved. For
example, EMI may be even further contained by shielding
from the upper graphene layer 350 and the lower graphene
layer 250.

Hereinafter, a method of manufacturing a semiconductor
package according to embodiments of the inventive concepts
will be described.

FIGS. 11 and 12 are cross-sectional views illustrating a
method of manufacturing a semiconductor package accord-
ing to example embodiments of the inventive concepts. Here-
inafter, any descriptions already described in connection with
other embodiments will be omitted or mentioned briefly.

Referring to FIG. 11, a lower substrate 210 may be pro-
vided. The lower substrate 210 may include a lower semicon-
ductor chip 220, lower solders 230m, a lower molding layer
240, a lower graphene layer 250, and a lower coating layer
255. In some embodiments, the lower substrate 210, the lower
semiconductor chip 220, the lower molding layer 240, the
lower graphene layer 250, and the lower coating layer 255
may be respectively the same as or similar to the substrate
110, the semiconductor chip 120, the molding layer 140, the
graphene layer 150, and the coating layer 155 that are
described with reference to the other embodiments described
herein. The lower solders 230 may be formed by the same
method as or a similar method to the forming method of the
bumps 130in FIG. 1. Atleast one first opening 261 and at least
one second opening 265 may be formed in the lower molding
layer 240, the lower graphene layer 250 and the lower coating
layer 255. The first opening 261 and the second opening 265
may, in some embodiments, expose a ground solder 231m and
a signal transmitting solder 235m, respectively. The first and
second openings 261 and 265 may be formed by a laser
drilling process. In other embodiments, the process of form-
ing the lower molding layer 240, the process of forming the
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lower solders 230m, and the process of forming the lower
graphene layer 250 may be sequentially performed. In this
case, the lower molding layer 240 may be patterned to expose
the lower substrate 210, and then the lower solders 230m may
be formed on the exposed lower substrate 210. In other
embodiments, after the lower solders 230, the lower mold-
ing layer 240, the first opening 261 and the second opening
265 are formed, the lower graphene layer 250 and the lower
coating layer 255 may be formed on the lower molding layer
240.

Referring to FIG. 12, a connection member 232 may be
formed in the first opening 261, so that the ground solder
231m may be electrically connected to the lower graphene
layer 250. In some embodiments, the connection member 232
is not formed in the second opening 265, so that the signal
transmitting solder 235m is electrically isolated from the
lower graphene layer 250. In some embodiments, the first
opening 261 may be filled with a mixture of a conductive
material (e.g., solder paste or silver (Ag)) and an epoxy poly-
mer, thereby forming the connection member 232. Thereaf-
ter, an upper package 300 may be mounted on one surface of
the lower substrate 210. The upper package 300 may be
electrically connected to the lower semiconductor chip 220.
The upper package 300 may be formed by the same method as
or a similar method to the forming method of the semicon-
ductor device 10 described with reference to FIG. 1. In some
embodiments, connection terminals 311 may be provided on
a bottom surface of an upper substrate 310 of the upper
package 300. The upper substrate 310 may be disposed on the
lower substrate 210. At this time, the connection terminals
311 may be disposed on the lower solders 230m, respectively.
The lower solders 230m and the connection terminals 311
may be soldered with each other to form lower bumps 230. In
this manner, the upper package 300 may be electrically con-
nected to the lower substrate 210. In some embodiments,
topmost surfaces of the lower bumps 230 may be disposed at
a level higher than a top surface of the lower graphene layer
250, such that an air gap 260 may be provided between the
lower graphene layer 250 and the upper substrate 310. In
other embodiments, after the upper package 300 is mounted
on the lower package 200, the connection member 232 may
be formed in the first opening 261. In still other embodiments,
the forming process of the connection member 232 may be
omitted.

APPLICATIONS

FIG. 13 is a schematic block diagram illustrating an
example of electronic systems including semiconductor
packages according to embodiments of the inventive con-
cepts. FIG. 14 is a schematic block diagram illustrating an
example of memory systems including semiconductor pack-
ages according to embodiments of the inventive concepts.

Referring to FIG. 13, an electronic system 1300 may
include a controller 1310, an input/output (I/O) unit 1320, and
a memory device 1330. The controller 1310, the I/O unit
1320, and the memory device 1330 may communicate with
each other through a data bus 1350. The data bus 1350 may
correspond to a path through which electrical signals are
transmitted. For example, the controller 1310 may include at
least one of a microprocessor, a digital signal processor, a
microcontroller or other logic devices having a similar func-
tion to any one thereof. The controller 1310 and the memory
device 1330 may include at least one of the semiconductor
packages 1 to 4 according to embodiments of the inventive
concepts. The I/O unit 1320 may include a keypad, a key-
board and/or a display unit. The memory device 1330 may
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store data and/or commands executed by the controller 1310.
The memory devices 1330 may include a volatile memory
device and/or a non-volatile memory device. Alternatively,
the memory devices 1330 may include a flash memory
device. For example, a flash memory device applied with the
technical features of the inventive concepts may be installed
in an information processing system such as a mobile device
or a desk top computer. The flash memory devices may con-
stitute a solid state disk (SSD). In this case, the electronic
system 1300 may stably store massive data in the flash
memory system. The electronic system 1300 may further
include an interface unit 1340 for transmitting data to a com-
munication network or for receiving data from a communi-
cation network. The interface unit 1340 may operate by wire-
less or cable. For example, the interface unit 1340 may
include an antenna for wireless communication or a trans-
ceiver for cable communication. Although not shown in the
drawings, the electronic system 1300 may further include an
application chipset and/or a camera image sensor (CIS).

The electronic system 1300 may be realized as a mobile
system, a personal computer, an industrial computer, or a
logic system performing various functions. For example, the
mobile system may be one of a personal digital assistant
(PDA), a portable computer, a web tablet, a mobile phone, a
wireless phone, a laptop computer, a memory card, a digital
music player, or an information transmitting/receiving sys-
tem. In a case where the electronic system 1300 performs
wireless communication, the electronic device 1300 may be
used in a communication interface protocol such as a third
generation communication system (e.g., CDMA, GSM,
NADC, E-TDMA, WCDAM, and/or CDMA2000).

Referring to FIG. 14, a memory system 1400 may include
a non-volatile memory device 1410 and a memory controller
1420. The non-volatile memory device 1410 and the memory
controller 1420 may operate to store data or to retrieve stored
data. In some embodiments, the non-volatile memory device
1410 may include at least one of the semiconductor packages
1 to 4 according to embodiments of the inventive concepts.
The memory controller 1420 may control the non-volatile
memory device 1410 in response to read/write requests of a
host 1430, such that data stored in the non-volatile memory
device 1410 may be sensed or data may be stored in the
non-volatile memory device 1410.

A semiconductor package according to embodiments of
the inventive concepts includes a graphene layer provided on
the semiconductor chip. As a result, heat generated from the
semiconductor chip may be readily exhausted through the
graphene layer to regions external to the semiconductor pack-
age. Additionally, the graphene layer can further be config-
ured and operable as an EMI shield suitable for absorbing
electric fields and/or magnetic fields generated at the inside of
the semiconductor package, so that EMI characteristics of the
semiconductor package may be improved. In this manner, the
reliability of the semiconductor package may be improved.
Moreover, the formation process of the molding layer may, in
some embodiments, include the transfer process of the
graphene layer, such that the graphene layer may be readily
formed on the semiconductor chip.

While the inventive concepts have been described with
reference to example embodiments, it will be apparent to
those skilled in the art that various changes and modifications
may be made without departing from the spirits and scopes of
the inventive concepts. Therefore, it should be understood
that the above embodiments are not limiting, but illustrative.
Thus, the scope of the inventive concepts is to be determined
by the broadest permissible interpretation of the following
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claims and their equivalents, and shall not be restricted or
limited by the foregoing description.

What is claimed is:

1. A semiconductor package comprising:

a lower package comprising a lower substrate, a lower
semiconductor chip on the lower substrate, a lower
graphene layer on the lower semiconductor chip, and a
lower molding layer between the lower substrate and the
lower graphene layer;

an upper package on the lower substrate, the upper package
spaced apart from the lower package, the upper package
comprising an upper substrate, an upper semiconductor
chip, and an upper molding layer; and

lower conductive bumps between the lower substrate and
the upper substrate, the lower conductive bumps com-
prising a ground bump and a signal transmitting bump.

2. The semiconductor package of claim 1, further compris-
ing a first opening and a second opening in the lower molding
layer and the lower graphene layer;

wherein the first opening exposes an upper portion of the
ground bump; and

wherein the second opening exposes an upper portion of
the signal transmitting bump.

3. The semiconductor package of claim 1, further compris-

ing an upper graphene layer on the upper semiconductor chip.

4. The semiconductor package of claim 1, wherein the
lower package further comprises a lower coating layer on the
lower graphene layer.

5. The semiconductor package of claim 1, wherein the
lower package further comprises: a lower side graphene layer
and a lower side coating layer on the lower side graphene
layer;

wherein the lower molding layer includes a top surface, a
bottom surface opposite the top surface, and a sidewall
between an edge of the top surface and an edge of the
bottom surface; and

wherein the lower side graphene layer is on the sidewall of
the lower molding layer.

6. The semiconductor package of claim 1, further compris-
ing an air gap between the lower graphene layer and the upper
substrate.

7. The semiconductor package of claim 1, wherein the
lower graphene layer is in direct contact with the lower semi-
conductor chip.

8. The semiconductor package of claim 2, further compris-
ing a connection member in the first opening, the connection
member electrically connecting the ground bump to the lower
graphene layer.

9. The semiconductor package of claim 3, wherein the
upper graphene layer is electrically connected to the ground
bump and is electrically separated from the signal transmit-
ting bump.

10. The semiconductor package of claim 3, wherein the
upper package further comprises upper conductive bumps
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surrounding the upper semiconductor chip on the upper sub-
strate, wherein the upper conductive bumps are in contact
with the upper graphene layer.

11. The semiconductor package of claim 3, wherein the
upper graphene layer is electrically connected to the lower
graphene layer.

12. The semiconductor package of claim 3, wherein the
upper molding layer includes a bottom surface facing the
upper substrate, a top surface opposite the bottom surface,
and a sidewall between the top surface and the bottom sur-
face; and

wherein the upper package further comprises an upper side

graphene layer at the sidewall of the upper molding
layer.

13. A semiconductor package comprising:

a substrate;

a semiconductor chip on the substrate;

conductive bumps laterally surrounding the semiconductor

chip on the substrate;

a graphene layer on the semiconductor chip; and

a molding layer between the substrate and the graphene

layer,

wherein the graphene layer is electrically connected to the

conductive bumps.

14. The semiconductor package of claim 13, further com-
prising a coating layer covering the graphene layer.

15. The semiconductor package of claim 13, further com-
prising a side graphene layer covering a sidewall of the mold-
ing layer.

16. A semiconductor package comprising:

a substrate;

a semiconductor chip on the substrate and electrically con-

nected to the substrate;

a molding layer on the substrate and at a side of the semi-

conductor chip;
a graphene layer directly on the semiconductor chip and on
the molding layer opposite the substrate; and

conductive bumps on the substrate and through the mold-
ing layer, the conductive bumps in contact with the sub-
strate and the graphene layer to electrically connect the
substrate and the graphene layer, the molding layer posi-
tioned between the conductive bumps and the semicon-
ductor chip.

17. The semiconductor package of claim 16, wherein the
graphene layer is further at sidewalls of the molding layer.

18. The semiconductor package of claim 16, wherein the
conductive bumps comprise ground signal bumps.

19. The semiconductor package of claim 16, further com-
prising conductive signal bumps on the substrate and through
the molding layer, the conductive bumps in contact with the
substrate and isolated from the graphene layer.

20. The semiconductor package of claim 16, further com-
prising a coating layer on the graphene layer.
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